Left ventricular (or pulmonaryand systemic arterial) hemodynamics weremeasured for a mean of 13.6 hours duringcontinuous electrocardiographic monitoring in 14 patients admitted to thecoronary care unit because of angina at rest. Of 293 episodes of transient ST segment and T wave changes identified, 247 (84%) were completelyasymptomatic. Sixty-three percentof asymptomatic episodes were associated with an elevation of the leftventricular end-diastolic or pulmonaryarterydiastolicpressure of 5 mm Hg or more; in 15% there were smaller elevations (2 to 4 mm Hg) and in 22% there were no changes or less thana 2 mm Hg elevation of pressure. The peakcontraction and relaxation dP/dt (first deriviative of left ventricular pressure) were reduced to 100 mm Hg/s or more in 84 and 81% of asymptomatic episodes, respectively. Greatcardiacvein oxygen saturation measuredin threepatients showed an increased myocardial oxygenextraction similar to that seen in painful episodes, which precededand accompanied asympto-Pain is the clinicalmanifestation of ischemic heart disease that most often causesthepatient to seek medical attention. Yet,observations duringexercise stress testing occasionally show thedevelopment of typical ischemic electrocardiographicchangesin the absence ofanginal pain or long before its appearance (l,2). Similarobservations have also been made duringcontinuousambulatory electrocardiographic monitoring (3) (4) (5) (6) (7) . Preliminary evidencesuggests that these electrocardiographic changes may indeed represent transient acutemyocardial ischemiathat, for reasons so far unexplained, is not accompanied by typical chest pain (8) (9) (10) (11).
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We present here the results of a series of measurements of leftventricular contractile function and coronary sinus From 
Methods
Studypatients. We performed a retrospective analysis of analog tape recordings obtained during continuous hemodynamic monitoring of patients with unstable angina admitted to the cor nary care unit. Partial reports of these studies have been previou published (9) (10) (11) .Therecordings were selected from 14patients with a high daily frequencyof ischemic episodes at rest (~10/ day). Their clinical characteristics andelectrocardiographic and angiographic findingsare shown in Table I. Hemodynamic monitoring.Routineantianginal medications were discontinued for at least 24 hours before the h emodynamic study. Nitrates were given when requiredfor chest pain both before and during the study. The lead showing the greatest ST segment change on a 12 lead electrocardiogram recorded dunng angina was selected for continuous monitoring during the hemodynamic study. Patients were instructed to report immediatel y any symptom such as chest discomfort or dyspnea that might represent ischemia and were questioned about the presence of symptoms when electrocardiographic changes were apparent on the monitoring screen.
Details of the pati ent monitoring are summarized in Table I .ln 10 of the patients. the left ventricular pressure was continuously recorded: in the remaining 4 (Cases 4.5,9 and 10) only pulmonary andbrachia l artery pressures were monitored . Three patien ts (Cases 12. 13 and 14) with anterior ischemia also had continuous recording of great cardiac vein oxygen saturation. The techniques ofhemodynamic monitoring have been described previou sly (9, 11) .
Data analysis. Left ventricular. or pulmonary and systemic arterial pressure and the electrocardiogram were continuously re-corded on a multichannel FM tape recorder. At the end of each study, the stored data were replayed on a photographic recorder at low paper speed. so that transient episodes of ST segmen elevation or depression (2 0.15 mY) or ps eudonormalization or peaking of inverted or flat T waves lasting more than 30 seconds could be identified for subsequent computer analysis. These seg ments of the recording were again replayed for analog to digita conversion and analysis with a Hewlett-Packard 21 MX digital computer. as previously described (12.13) . The program was de-SIgned to calculate. on a beat to beat basis, the heart rate, STpositive and negative areas. left ventricular systolic and diasto pressures (or pulmonary diastolic and systemic systolic pressures and first derivativeof left ventricular pressure (peak left ventricu contraction and relaxation dP/dl). No correction was made for th response of the catheter because we were interested only in relative transientchanges of peak dP/dl. The valuesof the derived variable were averaged over 5 second periodsand plottedwith their standa deviation against time ( 52 (10 - crea se in ST segment po sitivearea) was accompan ied by an increase 10 leftventricul ar end-d iastoli c pressure , and decrea ses 10 both contr action and rela xation peak dP/dt. Sim ilar imp airmentof leftventr icularfunction accompanied the as ymptomati c epi sode of ST seg ment depre ssion (increase 10 ST seg ment negat ive area) in the same electrocard rographic lead show n on the right . There was no increase in the variab les co ntro llmg myoca rdial oxygen demand before either e pisode . In theremainder , more than one electrocardiographic pattern was seen in the monitored lead duringdifferent episodes. Only 16% of episodes (46 of 293) were accompanied by anginal pain(percentages for the indiv idual patients are shown in Table I ). Fewerepisodesof ST segmentdepre ssion weresymptomatic than were episodesof ST segment elevation (19 and 38%,respectively) . All episodesof T wave pseud onormalization wereasymptomatic .
Asymptomaticepisodes: hemodynamic findings.
Asymptomatic episodes of ST-T wave changeswere observed during hemodynamic monitoringin all 14 patient s. The 247asymptomatic episodes analyzed included 208 with left ventricu lar pressure traci ngs and derived contraction and relaxation peak dP/dt and 39 with pulmonary and systemic arterial pressures. No episodes werepreceded by an increa se in the heart rate or left ventricular or arterial systolicpressure . The results ofcomputerized measurements are shown in Table2. Overall , 63% of as ymptomat ic episodeswere associated with an increase in left ventricular end-diastoli c or pulmonarydiastol icpressureof 5 mm or greater. The proportion was greater for theepisodeswith ST segment elevation (89 %) than for those with ST segment depres sion (53%) orTwave pseudonormal ization (56%). The peak contraction and relaxation dP/dt were reduced by 100 mm Hg/s or more in 84 and 81% of episodes, respectively. In 15% of episode s, there was a small increase in left ventricular end-diastolic or pulmonary diastolicpressure (3 to 4 mm) and in 22% there was no changeor less than a 2 mm increase in pressure .
Ofthelatter groupof47 episode s with less than a 2 mm increase in end-diastolic pressure . a reduction of eithercontraction or relaxation peakdP/dt by 100 mm Hg/ s or more was noted in 23, leavi ng only 24 asymptomatic episodes withou t noticeable hemodynamic evidence of transient left ventric ular dysfunction . • Seven had pulmon ary diastolic pressure mea surements only f:;. dP/dt C or R = change in peak left ventncularcontracnon or relaxation dP/dt: A LVEDP orf:;. PADP = change in left veruncular end-diastolic pressure or pulmonary arterydiastolic pressure: ST t or ! = transient ST segmentelevationor depressioñ 0.15mY. T t = transient pseud onormalrzauon orpeakingofInverted or nal T wave' Greatcardiac veinoxygensaturation. In three patients (Cases 12, 13 and 14) , the changes in left ventricular pressure were documented together with the great cardiac vein oxygen saturation during 101asymptomatic episodes . A reduction in oxygen saturation always preceded the electrocardiographic and hemodynamicchanges,indicating that reducedcoronary blood flow was the cause of asymptomatic episodes.The meanreductionsof oxygen saturation for threesubclasses ofhemodynamic changeare shown in Table  3 . Theepisodeswith thegreatest degree of left ventricular hemodynamic impairment (class 1) showed a correspondingly greater decreasein oxygensaturation, with smaller decreases in oxygensaturation for classes 2 and 3. A decrease in percent oxygensaturation ofat least 10 was seen in all 17 episodes without hemodynamic impairment (class 3). Thecomputerized plotofone such episode is shown in Figure 2 .
Comparisonof asymptomatic and symptomatic episodes.The hemodynamic changesduring the 46 symptomatic and 247 asymptomatic episodes arecompared in Figure 3 . Thecomparisonsfor the total group are further subdividedaccording to the type of electrocardiographic change.Overall , the mean duration of the symptomatic episodes (674± 396 seconds) was significantly longer than the asymptomatic episodes (253 ± 159 seconds, p < 0.001).
There was an almost threefold greater increase in left ventricular end-diastolic or pulmonary artery diastolic pressure (16.5 ± 6.9 mm Hg) in the symptomatic episodesthan in theasymptomatic episodes (5.9 ± 5.0mm Hg. p< 0.00I) . The degree of impairment of leftventricular contractility was also greater in thesymptomatic episodes . The reduction in peak contraction dP/dt was 395 ± 199 mmHg/s in the symptomatic and 252± 156 mmHg/s in theasymptomatic episodes (p < 0.001); the reduction in peak relaxation dPI dt was 413± 209 mmHg/s in thesymptomatic and 259 ± 191 mm Hg/s in theasymptomatic episodes (p < 0.001) .
These data indicate that in this group of patients, asymptomatic episodes are usually characterized by ashorter duration and a lesser degree of ischemic left ventricular dysfunction than are the symptomatic episodes, althoughthere is aconsiderable degree of overlap both in the group data ( Fig. 3) and in the results from individual patients . When symptomatic and asymptomatic episodes were compared within the same patient , four showed asymptomatic episodes of durationcomparable with theirsymptomatic episodes, with a similar elevation of the end-diastolic pressure ; five patients had asymptomatic episodes with elevation of the end-diastolic pressuresimilarto that of their symptomatic episodes, butof a shorter duration .
Discussion
The mechanismsresponsible for cardiac pain are still speculative and little progress has been made since 1965 when Gorlin (14) discussedthe possible causes of pain. Becauseour understanding of the basis of cardiac pain is limited,it is notsurprising that the occurrence of transient asymptomatic ischemic-likeelectrocardiographic changes has beenregarded withcautionand skepticism .
However, in theFramingham study (15) , 23% of myocardial infarctionsoccurredin the absence of symptoms . Additionally, stronglypositive exercise tests have been documented in completely asymptomatic patients with severe coronary ar- terydisease, supporting the view that myocardial ischemia can occur without anginal pain (2) . Our data fully confirm thispossibility anddemonstrate that asymptomatic ischemic events, which outnumber those accompanied by pain, are associated withsimilar disturbances of myocardial perfusion and function, Animal experiments have shown that increased myocardial oxygen extraction (16) and impairment of left ventricular function (17, 18) are early manifestations of acute myocardial ischemia. In our patients, these alterations were observed in all episodes with pain and in the large majority of episodes without pain. None of the asymptomatic episodes occurring at rest were preceded by an increase in myocardial oxygen demand; instead we observed an increase in myocardial oxygen extraction before the onset of electrocardiographic changes, supporting the hypothesis that a reduction of coronary blood flow was responsible for asymptomatic episodes in our patients.
Asymptomaticversus symptomaticischemic episodes. Asymptomatic episodes were generallyshorter in duration and produced relatively less impairment of left ventricular hemodynamics than symptomatic episodes. It is tempting to speculate that asymptomatic episodes may therefore represent lesser degrees of myocardial ischemia, as previously suggested (l) . The absence of pain in the brief episodes of T wave pseudonormalization and in those other episodes with minor or no measurable left ventricular im- Figure2 . Computerplot of an asymptomatic episode of pseudonormalization of an inverted T wave (decrease in ST-T negative area) in a patient with anterior ischemia. There was no increase of left ventricular (LV) enddiastolic pressure and the peak contraction and relaxation dP/dt were not altered, although there was a reduction of great cardiac vein oxygen saturation preceding and accompanying theelectrocardiographic change. pairment could probably be explained in this manner. However, the wide overlap in duration of episodes and degree of leftventricular impairment observed both in the group data and in comparisons of the episodes within individual patients suggests that the severity of ischemia represents predisposing, but not necessarily sufficient, condition for production of symptoms. Therefore, additional factors must be involved in the genesis of anginal pain.
Transientasymptomatic electrocardiographic changes representing transient myocardial ischemiaare commonly seen in patients with ischemic heart disease when continuous electrocardiographic recordings are performed. The proportion of all episodes that are asymptomatic varies from patient to patient and in the present study represented 84% of the total. This proportion is similar to the findings in a number of other studies of ambulatory patients (3) (4) (5) (6) (7) in which asymptomatic episodes outnumbered symptomatic episodes. This means that patients with angina may experience ischemia significantly more often than the frequency of symptoms would suggest. The findings in these patients cannot ne cessar ily be extrapolated to an asymptomatic population undergoing exerc ise stress testing or continuous electr ocard iographic recording by the Holter te chnique (19, 20) .However , the significance of asymptomat ic transient electrocardiographic changes in such a group must be assessed by methods capable of detecting transient regional myocard ial ischemia , rather than by the presence or absence of coro nary atherosclerosis.
Clinical implications. Asymptomatic episodes of ST segment elevation or depression or T wave pseudonormalization or peaking are common when appropriately searched for in patients with ischemic heart disease . Hemodynam ic monitoring indicates that these episodes represent painless myocardial ischemia, so that the ma jorit y of ischemic events maybe unrecognized by the patient. In these patients, continuous electrocardiographic monito ring is useful to determine the frequency of ischemic events for the evaluation of prognosis and response to therapy.
